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FLIGHT MEASUREMENTS OF THE VERTICAL-TATT. LOADS ON
THE CONVAIR XF-92A DELTA-WING ATRPLANE

By Clinton T. Johnson
SUMMARY

The serodynsmic loads acting over the verticel tall were determined
from steady and maneuvering flight dvuring the investlgatlion of the lateral
stabllity and control characteristics of the Convair X¥F-92A alrplane.

The results presented in this paper were obtained from rudder pulses and
gradually increasing sideslips over the Mach mumber range from 0.50 to
0.87 at altitudes between 30,000 feet and 20,000 feet.

The vertical-tail panel bending-moment and normal-force character-
istics are essentially linear with increasing sideslip angle both in
rudder-fixed and trimmed maneuvers. A comparison of the bending-moment
and normsl-force parameters derived from rudder-fixed oscillations and
the corresponding parameters derived from gradusl manuevers Indicates
similar trends with Mach number. The effect of rudder deflection is to
reduce the slope of the vertical-tall normal-force-cocefficient variation
with sideslip angle and 4o move the lateral location of the center of
pressure of the additionasl alr load inboard about 5 percent of the span
of the vertical-tail panel.

The vertical-tail bending-moment and normal-force coefficlents
resulting from rudder deflections are essentially constant below a Mach
muber of 0.80 with an apparent tendency for both parameters to increase
at the higher Mach numbers tested.

INTRODUCTION
As part of the cooperative Alr Force--Navy--NACA flight research
program, the delta-wing Convair XF-92A airplene was utilized for flight
investigations at the NACA High-Speed Flight Station at Edwerds, Calif.

The primery purpose of these flight investigations was to evaluate
the handling quelities, 1lift and drag characteristics, aerodynamic loads
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and load distribution, control surface loads, and buffeting characteris-
ties. During the test progrem the flight envelope was extended to the
maximum 1ift and Mach number attainable. Results of several of these
investigations are reported in references 1 to k.

Vertical-tail loads were measured by strain-gage methods during
these flight investlgations to provide full-scale flight loads infor-
metion on & low-aspect-ratio triangular vertical-tail configuration such
as used on the XF-92A airplane. This paper presents the results of the
measurements of vertlcal-taill loads during rudder pulses, rudder-fixed
oscillations, and gradually increasing sideslips at level-flight 1lift
coefficlents at altitudes between 30,000 feet and 20,000 feet up to a
Mach number of 0.87.

SYMBOLS
byt span of vertical-tail panel outboard of gege station, in.
Moyt
Coytg vertical-tail panel bending-moment coefflcient, =T
q’ vtbvt
Cb8 varistion of verticel-tail penel bending-moment coefficient
r o
with rudder deflection, per deg, Dy
r
Lyt
Cx vertical-tall panel normal-force coefficient, ——r
vi
aSvt
CN variation of verticael-tzll panel normel-force coefficient
B wlth angle of sideslip for zero rudder deflectlon, per
oC
deg, vt
3p
CN& varlation of vertical-tall panel normal-force coefficient
r OCNy,
with rudder deflection, per deg,
r

Cyrt, chord at any section, in.
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dCNvt

dg

CPA

mean serodynamic chord of vertical-tail psnel, in.

Byt
0

by,
Cyt OF

0

slope of normel-force-coefficient variation with sideslip
angle for trimmed sideslip, per deg

lateral locatlon of the center of pressure of the additional
air loed of the vertical-tall panel, percent b

pressure altitude, £t

vertical-tall panel serodynsmic load (positive loed to the
left), 1b

free-stream Mach number

vertical-tall panel bending moment about vertical-tall strain-
gege station (positive conterclockwlse when viewed from the
rear), in-1b

rolling velocity, radians/sec

free-stream dynamic pressure, lb/ft2

yewing veloeity, radians/sec

area of vertical-tall panel outboard of strain-gage station,
2
pig

time, sec

spanwise distance slong vertical tall, in.

- indicated sideslip angle, deg

rudder position, deg

Sp———
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ATRPLANE

The Convair XF-92A is & semitailless, deltas-wing airplane with a
60°C leading-edge sweepback of the wing and vertical stabilizer. The
wing and vertical tail have a streamwise thickness ratioc of 6.5 percent.
The elevons and rudder are full-span, constant-chord surfaces with smsll,
unshilelded horn balances near the tips. Control surfaces are actuated
by a 100-percent hydraulicelly boosted system. The airplene has no
dive brakes and no leading- or trailing-edge flaps or slats.

A three-view drawing of the alrplane is shown in flgure 1 and pho-
tographs are shown in figure 2. Table I lists the physical character-
isties of the airplane.

INSTRUMENTATION AND ACCURACY

The Convailr XF-92A alrplane was equipped with standard NACA recording
instruments for recording the following guantities pertinent to this
investigation:

Alrspeed

Altitude

Normal and transverse acceleratlon
Rolling angular velocity and acceleration
Yawing angular veloclity and acceleration
Control positions

Angle of attack and angle of sideslip

A multichannel oscillograph was used for recording straln-gage outputs
and a common timer was used to correlate all instruments.

Strain gages were installed on the vertlcal tell spars at the
vertical taeil root (approximestely L inches outboard of the vertical
tail-fuselage Jjuncture as shown in fig. 1)} to measure shear and bending
moment. The data presented in this paper have been corrected for the
inertia of the vertical tail and are the aerodynamlc loads acting over
the vertical-teil surface.

The accuracy of the measured loads was determined from the results
of a static calibration and an evaluation of the strain-gage responses
in flight. The estimated error in shear and bending moment is +300 pounds
and #8,000 inch-pounds, respectively. Estimated accuracies of other
pertinent recorded quentities are:
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Mach number, M . . . . . & ¢« & ¢ o 4t e & 4 o 4 o o o s 4 oe o= e 10.01

r, radlans/sec . . . . . v 4 4 4t e e s e e e e e e e e e e s 10.02

P, radlans/Bec . . . . 0 0 4t e e e et e e e s e e e e e e 30.10

By Q8B ¢« o ¢ ¢« 4 ¢ o ¢ e 4 4 4 4 o s o s 4 v s e s e " e e s +0.25

Sr, deg e e & & s s VYV e & e » a e s & e e e s & s e ® = e & +0.20
TESTS

The flight tests were conducted in the clean configuration at level-
flight 11ft coefficients. Vertical-tail loads were measured during sbrupt
rudder pulses, rudder-fixed oscillations with the aileron held fixed, and
graduslly increasing sideslips using ailerons to hold constant heading
over the Mach number range from 0.50 to 0.87 at altitudes from 30,000 feet
to 20,000 feet. Reynogds nunber, b%sed on the wing mean aerodynemic chord,
varied between 25 x 10° and 50 X 10° for this serles of tests. The center
of gravity varied between 27.1 and 28.2 percent of the wing mean aerody-
namic chord.

RESULTS AND DISCUSSION

Time histories of representatlve rudder pulees st several Mach
numbers are presented In figure 3 showing the rudder input, the resulting
vertical-tail loads, and airplane motions.. The initial portion of the
maneuvers shows the rudder defliection and the corresponding change in
vertical-tail bending-moment and normal-force coefficients before the
alrplane responds to the control Input. This portion of the maneuver 1is
indicated by the solid llnes 1n figure 3 occurlng near t = 1.0 second.
Since rudder deflection, vertlcal-tall bending-moment, and normal-force
coefficient were the only variables during this portion of the maneuver,
it was possible to determine the vertical-tail-loed perameters Cbar

and.CNsr. It may be noted that small changes in sideslip angle (less

than 0.1°) did occur during the time the rudder was being deflected.
However, the error in the values of CNS and Cb5 s, caused by a change
r r

of 0.1° in sideslip angle, was estlmated to be less than 20 percent based
on the values of normal-force-curve slope and the center of pressure of
the additional air load ascertained from this Investigstion.

The Mach number varlation of the vertical-tail-load parameters
Cb5 and CNS determined from rudder pulses 1s shown in figure L.
r r

The parameters Cb5 and CNS are relatively constant below a Mach
r r

"}

T
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number of 0.80 at levels of about -0.009 per degree and -0.0LT per
degree, respectively. At the higher Mach numbers & slight increase in
both parameters is apparent.

The solid lines in the latter portion of the maneuvers beginning
near t = 2.0 seconds of figure 3 show the airplane oscillations after
the rudder hes been returned to neutral. From this portion of the maneu-
ver the vertical-tail normal-force coefficient CNvt was plotted with

respect to sideslip angle B and appeared to have & linear variation
with sideslip over the range of sideslip angles investigsted. Therefore,
slopes of these date were taken to determine the parameter CNB' (Normal-

force increments caused by rolling and yawlng veloclties were evaluated
and were found to be negligible). Typical plots used to determine CNB

and the variastion of CNB with Mach number are shown in figure 5. The

vertical-tail-load perameter CN[3 is constant at a level near 0.035

per degree to a Mach number of 0.70, then increases gradually to a value
near 0.045 per degree at M = 0.87.

The center of pressure of the additional air load cpp for the

rudder-fixed oscllletions was determined by teking slopes of the vari-
ation of bending-moment coefficient Covt with CNvt' Typical plots

used to determine Py and the varilation of CPp with Mach number are

shown in figure 6. The lateral location of the center of pressure of
the additional air load is located at approximately 45 percent of the
span of the vertlcal-tall panel over the Mach number range from 0.50

to 0.87.

The vertical-tail loads measured during graduelly Iincreasing side-
slips over the Mach number range from 0.50 to 0.85 are shown in flgures T
to 9. It may be noted that sideslips were performed using sufficient
alleron to hold a constant heading. Aileron angles varied from approxi-
mately 4° at low speeds to 2° at high speeds. The parameters determined
from these maneuvers are compared with the parameters obtalned from the
rudder-undeflected maneuvers to illustrate the effect of rudder deflec~
tion on the vertical-tall loads.

Figure 7 shows the variation of the vertical-tall normal-force
coefficient CNvt with sideslip angle end the corresponding rudder

required to sildeslip for several maneuvers over the Mach number range.
The date of figure 7 are shown in figure 8 as the variastlion with Mach
number of the slopes of the vertical-tail normal-force coefficlent
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d
:NVt and the ratic of rudder deflec-
dCNvt

resulting from trimmed sideslips

for trimmed sideslip

as
tion to sideslip angle EpTr The parameter

has a value of approximately 0.028 per degree to & Mach number of 0.75,
then increases gradually to 0.032 per degree at M = 0.85.

The curve of CNB determined from rudder-fixed meneuvers (fig. 5)

is also shown on figure 8. The difference in level between the curves of
dc

CNB and 1a§13 illustrates the change in normal-force-curve slope

attributable to rudder deflectlion and 1s relatively constant over the

Mach number range. The reduction in rudder-fixed CN 1s epproximetely
20 percent. B

dac
It is interesting to note that the variation of dth with Mach

number can be derived using 'CN5 from figure k, %%I from figure 8,
T
end Cy from fi ince Mvt _ g P This method
om £ilgure 5, since =Clg X —+ . s metho
Na ’ ds 5x X 3 " Mg

was used to calculste the variation of vertical-tall normal-force
coefficient with sideslip angle and agreed very closely with the measured
data and slopes of flgure T.

The variation of bending-moment coefficient vat with normal-

force coefficient Cpy . and the resultant cp, for the trimmed side-

slips 1s shown in figure 9. The center of pressure of the additionsal
air load for the trimmed sideslips is located at approximately 40 per-
cent by over the Mach number range from 0.50 to 0.85. A comparison

of the centers of pressure of the additionsal alr load determined from
rudder-fixed and trimmed sideslip maneuvers indicates that rudder deflec-
tion moves the cpy inboard approximately 5 percent of by over the

Mach number range tested.
CONCLUSIONS

Flight measurements of the vertical-tall loads on the Convalr
XF-92A airplane over the Mach number range from 0.50 to 0.87 during
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rudder pulses and graduslly lncreasing sideslips have indicated the
following conclusions:

1. The vertical-tail panel chéracteristics are essentlally linear
throughout the angle of sideslip and Mach number range tested.

2. The vertical-tail load parameters derived from the rudder-fixed
oscillations and steady sideslip maneuvers display similar trends with
Mach number, with differences in level indicating the effect of rudder
deflection on the vertical-tail. loads. The predominant effect of rudder
deflectlon on the vertical-tail loads is to reduce the normal-force curve
slope CN‘3 approximately 20 percent and to move the center of pressure

of the additional air load cpp 1nboard approximately 5 percent of the
span of the vertlcel-tall panel.

3. The verticel-teil bending and normael-force coefficlents resulting
from rudder deflections Cb6 and CN5 are essentislly constent below
r r

a Mach number of 0.80 with both parameters indicating a tendency to
increase at the higher Mach numbers tested.

High-Speed Flight Station,
Netional Advisory Committee for Aeronautics,
Edwards, Celif., August 15, 1955.
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TABLE I. - PHYSICAL CHARACTERISTICS OF THE XF-92A AIRFLANE

Wing:
Area, sg ft . . . . . e e s s 2 s s e s s s s e s s s e s e e s e oe s s e e st s e e e oeow Blbgg

Spen, .
ALrfoll BeCEION o & 4 v & 4 2 o « ¢ « & o & o = & %+ e 4w 4 e 84 e s e e e WGD(Q&)-OOCJ

Mean acrodymamic chord, £t « « = « ¢ « o o « o ¢ ¢ ¢ 1 s o 0 o b e e n v e e e et r s e e e 18.0y
Aspect ratlo . . . L L ¢ L f et e f s e et s d s s e s n e e s e s e e e s e s e aa e e 2.31
ROGL CHOT, £L « o o v o o « o o o o & = o o o & o o » s o o o o s o o o o n o a .. 21.13
TIP cBOrd & & & & o 6 o o o o ¢ « o ¢ o o ¢ o s = = e 8 a2 s s s s s s e e o s s s e e s s e s e 1]
Taper ratio . . . . .- .. e [+]
Sweepback(ludingedge),deg............ ..... c e e e e v e e s e e s [=5]
Incidence, B .+ o ¢ o o s o 2 ¢ o ¢ o ¢ ¢ ¢ ¢ s ¢ ¢ o v o o o o » s o s 5 = s o ¢ 2 s o« = s & & a [»]
Dihedral (chord Plans), ABE o » + o » v o = v o = v v m v e e e e o
Blevons:

Area (total, both, reerward of hinge Linej), BG £ - « = + 4 = « o + & = o o« s o ¢ o o v o 8 o 2 s o & T6.19
Horn belance aree (total, both, elevons forvard of hinge line), 8Q ££ . . . « ¢ « ¢« ¢ ¢ o ¢ v o « « & L.k
Span (one elevon), ft . « o « + + & C e e s e s s s e s e e e e e e e e 13.35
Chord(remdofhingeline,cmtmtexcaptnttip),ft f ot e e s e e e s e s e s s e e e s 5.0%
Movement, deg

Elevator:

UD & o ¢ ¢ o o s ¢ o n ¢ o € ¢ 24 o o v 0 o 8 o s s h e 4 et e e s e s et e s 15

DOWIL 4 ¢ ¢ s o s o o o o » o 2 2 5 s 8 » o 8 o 5 o s s s » o s 8 v o2 v s s s s e s oa o 5
Allerom, total . . . . . ¢« i f 4 4 e 0@ e .. [ T T 10
Opexration « &+ &+ o« ¢ ¢ « ¢ v ¢ v 0 @« 24w "o © et 4 4 e @ s s e e e e s s e e e s v s « « Bydraulic
Vertical tail:

Lres,abovefuulagecent.erlina,sqﬁ................. ........ 126.%
Area, exposed, BL Lt . + 4 ¢ 4 4 4 4 4 44 b s s @ s e e e e e s e s e s e s e mee s e TH.3%
Eeisht,abovemselagecenterlim,ﬂ-. ..... S e e s e h wa s w e e n e e e e et e e oa i1.70
Height, exposed, It . . . . . . e et e e s e h e e e et e e e e e e e et e e e 8.96
Airfoll BeCtion . . ¢« < ¢ . 6 6 8 0 8 =4 . .ncués(os)-ooé5
Heanurod.ynaaﬂ.cchnrd(ureanbover\mlagecenterli - 167 .52
Mean serodynamic chord of exposed area, in. e e e s v e v e e s e e e e P e e e s e 129 .80
Aapecbntiootnreaabovafuuhgecenterlim........................... 1.085
Aspect ratlo Of €XPOBEA BYGR . . v & - &« o ¢ o o o+ o o ¢ ¢ o o o v s s o o s s s 2 s v 8 s 0 ¢ o s 1.065
Root chord at fuselage center line, in. sk e a e s @ s e s s s ae s as s as e e s 251.15
Root chord of exposed area, in. T 19k
Tipchord . « + + v v ¢ ¢« ¢« 4 e v o v e s e e e “ e s s s e e s e e s e s e s s s e . [+
Taper ratio . . . . . T e o3
Sweepback(leuding-dgs),deg...... ....... e e et e e e a e e s e e e e e e 60
Vertical tail panel cutboard of gage station:

Arem, aQ TE . . . « i i st e e v e e e s e a e e e e e s s e e e e e e e 4 aae e T
=) - T T T T R T R T T T T T P R 105.7
Mean sercdynamic chord, in. PO T T T T T P 12%.7
Furelage station of leading edge of mesn serodynamic chord, in. a e s s e s e n e e 324 .00
Tail length to penel quutcrchnrdatyou-wish‘h center of gravity, in. “ v e s s e e e e 68.1%
Aspect ratlo .« . « . o . f e e e e s e e s e b e s s e s e e e 1.06%
Root chord, in. € s s 4 e m e e s me s e e s e e s e s e s ae e e 187.07
Rudder:

Area, BQ Pt ¢ & ¢ ¢ ¢ 2 . s s s s s e e s e e s e e .. e s s e e e e s e e s e e e . 15.5%
Span, £t . . . . . . . .. e F.22
Travel, dOE » o « =« o o s + o s ¢ o o+ v e e e m w s e s e s ks e s s e e e e c e e e 8.5
OPEeYBLIOD « & v ¢ 4 = 4 & o s ¢ ¢ « ¢ e s 6w s & s w2 s v e v womow v v owoaoa w4 w o« s s s s « o« Hydraulic

Fuselage:

Length, ft . . .« .+ . . . . .. e« 4 ¢ 8 s s 4 4w e e moe e P I R I R
Moximum AIAMBEET, L5 . & 4 ¢ 4 4 s 4 4 s e 4 4 4 e e s e s s e s s e e s e s s e e e e e 5.58

]
B

Power plant:

BOBINE . & ¢ v ¢ ¢ 4 a s s s 2 n u m a e e s e e e s e s e s e s s s« Alison I33A-2% with afterburner
Rating:
Static thruat a2t sam 1evel, 1B . . ¢ ¢ « « + ¢ « ¢ o o = 2 &« s ¢« ¢ s s 8 2 8 s s s b o v o4 e . 5,600
Static thrust at sea level with afterburner, 1B . « « ¢« ¢ ¢ ¢ ¢ ¢ ¢ « ¢ v s o 2 ¢ o v s = 2 2 o » T,50¢

Welght:
Oroas weight (%60 gel fucl), - C v h e e e e e e et e 15,350
Eoxpty wedght, 1D . ¢« « o o o v 0 o 0 = & C e e e e a e e e s c i e e e v e e e e 11,808

Center-of-gravity locations:
Gross weight (960 gal fusl), percent M.A.C. e e e e e e e e e m et s s e e e e e e 9.5
Empty walght, percent M.A.C. . & 4 ¢ ¢ t ¢« ¢ ¢ o o v s = ¢ o e v s v s s o ¢ v s o a o o o1 oo 25.2

Inertia charactaristice:
Mcment of inertis in yaw, (average value through 0° to &° angle of attack at
averags gross weight), slug-ft e e a ot s e e e e e e e e e e s e s e e 38,400
Moment of inertia in roll, (n.vun.ge value th:rmgho"toﬂ"a.ngle of a.ttack a.t
n.\feragamuweisht.),slug-tb? ot e e e et e e e et e e e e e e ae et 6,000

Inclination of principel axis of inertia, (estimated), deg . . » ¢ « v ¢ 4 o v ¢ v v s s 0 s+ v & 1.0
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Q

Figure l.- A three-view drawing of the XF-92A airplane. All dimensions
are in inches.

P
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(a) Left side view.

(b) Three quarter rear view, (¢) Overhead front view.

Figure 2.~ Photographs of XF-92A research airplane.
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(a) M = 0.52; h, = 23,000 feet.

Figure 3.- Time histories of airplane motions and vertical tail loads
resulting from typical rudder pulse maneuvers at several Mach numbers.
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(b) M = 0.71; by = 31,000 feet.
Pigure 3.- Continued.
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Figure 4.- Variation with Mach number of vertical-tail bending-moment
and normal-force coefficlents caused by rudder deflection.
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Figure 5.- Variation of vertical-tail normal-force coefficlent with side-
slip angle, and the normal-force curve slope variation with Mach num-
ber during rudder-fixed oscillations.
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Plgure 6.- Variation of vertical-tail bending-moment coefficient with
normal-force coefficient and the variation with Mach number of the
center of pressure of the additional air load durlng rudder-fixed
oscillations. :
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Left 4 . (\99@

8!'1 deg

2 8 4 o) 4 8 12
Right
B, deg

(a) M = 0.52; h:p = 29,000 feet.

Figure T.- Varlation of rudder deflection and vertical-tail normel-force
coefficient with sideslip angle from several representetive trimmed
sideslip maneuvers.,
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Figure T.- Continued.
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(e) M =0.85; hy, = 22,400 feet.

Figure T.- Concluded.
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Figure 8.- Variation with Mach number of the rudder reguired to sideslip
and the vertical-teil normel-force curve slope from trimmed sideslip
maneuvers showing the effect of rudder deflection.
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Figure 9.~ Variation of vertical-taill bending-moment coefficient with
normal-force coefficient during trimmed sideslips, and the varistion
with Mech number of the center of pressure of the additional alr load
showing the effect of rudder deflection.
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